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Abstract: [Objective] To calculate quickly and precisely forest carbon sequestration in afforestation projects,
we selected major broad-leaved tree species in Guangdong, including Cinnamomum camphora, Schima superba
and Liquidambar formosana, and established biomass growth model of individual tree. [Method] All 270
sample trees with 90 sample trees for each tree species were obtained according to 10 diameter classes during
the process of modeling. We established four types of biomass growth models for aboveground and underground

biomass of three tree species from different origins (natural forest or planted forest) using age as the independent
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variable. The compatibility issue among growth models of different aboveground components (stem wood, bark,
branch, leaf) was solved using optimized models with a set of simultaneous equations and controlled total
biomass. [Result] Comparing trees from different origins including natural forest and planted forest, the
biomass upper limits and ages of the maximum growth rate for the same species under the same biomass model
were different. The biomass upper limits and ages of the maximum growth rate indicated by different equations
for the same tree species under the same origin were largely different. When estimating the aboveground
biomass, the optimal types of equations for different tree species were different. Logistic model was used to
establish the compatibility model for the simultaneous equations of biomass for aboveground components of
three tree species. The Ridj values from stem wood biomass equations of three species ranged from 0.560 to
0.768, and MPEs ranged from 3.05% to 6.73%. The Ridj values from bark biomass equations ranged from 0.552
to 0.866, and the MPEs ranged from 2.02% to 6.27%. The Ridj values from branch biomass equations ranged
from 0.309 to 0.706, and the MPEs ranged from 3.01% to 14.33%. The Ridj values from leaf biomass equations
ranged from 0.495 to 0.767, and the MPEs ranged from 4.16% to 7.14%. [ Conclusion] Comparing the
parameters and evaluation indexes of four models, the optimal model of aboveground biomass is the Logistic
model and the optimal model of underground biomass is the Schumacher model. The proportion of each
aboveground component in total aboveground biomass constantly changes with age during the growth process.
The compatibility model for the simultaneous equations of biomass for aboveground components of three tree
species is established using Logistic model, and the fitting effects of biomass models for stem wood and bark
biomass are better than those for branch and leaf. These biomass models could estimate forest carbon combined

with carbon coefficient in planted forest for known age in a certain period.
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Table 1 Statistics of biomass modeling data for three tree species

W Fif YR Bl BME O BOKE CFIME WRHEE O RBEARHRE
Species Origin Variable Min. Max. Mean SD No. of trees

AR RIRMK H94%/cm Diameter at breast height (DBH) ~ 1.90 41.00  14.62 10.12 60
Cinnamomum  Natural forest {#f %%/m Height (H) 1.86 16.60 9.58 3.70 60
camphora SEHE Tree age (7) 3.00 58.00  18.41 12.13 60
THt A ¥ & /kg Stem wood biomass 0.22 519.66  65.07  105.70 60

T B2 AWy /kg Bark biomass 0.05 7554  11.28 16.87 60

W5 4 4 & /kg Branch biomass 0.20 499.48  47.80  110.06 60

P44 & /kg Leaf biomass 0.03 89.77 6.47 14.70 60

Hb b A= /kg Aboveground biomass 043  1022.66 129.75  236.57 60

Hb R A ¥ & /kg Underground biomass 0.14 304.55  45.63 80.08 29

AT DBH/cm 2.00 40.00 1432 11.11 30

Planted forest H/m 1.70 17.60 8.42 4.03 30

T 2.00 51.00 1477 10.90 30

T#14E M /kg Stem wood biomass 0.44 360.82  56.02 87.61 30
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223 1 Continued table 1
R Fif IR A RAME BKNE CTPHE AHEE FEAREREL
Species Origin Variable Min. Max. Mean SD No. of trees

) N Tk T K¢ A8 /kg Bark biomass 0.09 65.24 8.99 14.26 30

Cinnamomum  Planted forest k4 #)4/kg Branch biomass 0.10 553.75 4693  111.00 30

camphora WA 4R /kg Leaf biomass 0.06 22.84 4.30 6.16 30

A ¥ % /kg Aboveground biomass ~ 0.87 948.38 117.11  206.06 30

Hu R A4 P2 /kg Underground biomass 0.38 330.29  48.19 96.82 11

ARt FAIRMR DBH/cm 1.70 51.50  15.73 12.05 47

Schima Natural forest H/m 3.02 23.10 10.25 4.78 47

superba T 4.00 4500  18.21 11.10 47

TH1 YR /kg Stem wood biomass 0.28 570.65 8549  132.23 47

T AW /kg Bark biomass 0.07 89.02  14.87 22.24 47

W5 45 ¥ B /kg Branch biomass 0.10 267.12 4025 63.80 47

WA 4R /kg Leaf biomass 0.14 35.83 6.76 8.63 47

b A ¥ 5 /kg Aboveground biomass  0.61 897.40 14736  211.59 47

Hb R A4 P2 /kg Underground biomass 0.43 17330 30.41 42.59 20

ATk DBH/cm 2.10 3890  12.87 9.10 43

Planted forest H/m 2.50 18.70 10.15 4.21 43

T 4.00 31.00  15.14 7.83 43

TH1E YR /kg Stem wood biomass 0.30 360.66  51.43 75.61 43

T A2 /kg Bark biomass 0.06 6592  10.19 15.54 43

W5 5 ¥ B /kg Branch biomass 0.25 371.04  31.95 68.52 43

WA 4R /kg Leaf biomass 0.17 45.70 4.57 8.69 43

b A ¥ % /kg Aboveground biomass  0.89 834.05  98.13  164.15 43

Hb R A4 P2 /kg Underground biomass 0.20 670.84  46.40  148.22 20

WA RIRMK DBH/cm 1.80 4350  14.64 10.28 57

Ligquidambar Natural forest H/m 3.00 26.60 11.78 5.13 57

formosana T 1.00 61.00 17.02 11.37 57

TH1E YR /kg Stem wood biomass 0.21 569.88  80.48  120.15 57

T AW /kg Bark biomass 0.06 121.59  13.61 20.26 57

W A% 4= P it /kg Branch biomass 0.06 14726  25.74 38.78 57

WA 4R /kg Leaf biomass 0.01 46.38 4.13 8.87 57

b A ¥ /kg Aboveground biomass ~ 0.35 884.61 12396 177.36 57

Hu R A4 P2 /kg Underground biomass 0.20 161.38  37.77 45.68 25

ATk DBH/cm 2.20 39.60  14.09 11.14 33

Planted forest H/m 3.20 21.00 11.54 5.66 33

T 2.00 81.00  16.73 14.62 33

THt A ¥ /kg Stem wood biomass 0.45 42645  83.16 14032 33

T A2 /kg Bark biomass 0.09 7897 1231 20.89 33

WA 4= P it /kg Branch biomass 0.15 468.70  37.31 89.96 33

WA 4R /kg Leaf biomass 0.02 46.04 5.39 10.77 33

b A ¥ % /kg Aboveground biomass  0.71 955.54 138.17  249.06 33

Hb R A4 P2 /kg Underground biomass 0.31 57490  47.05  146.39 15
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Table 2 Parameters of biomass growth models with tree age as the independent variable

Shumacher f# %Y

Tl R Hoy

Shumacher model

Chapman-Richards %7
Chapman-Richards model

Logistics fi 7

Logistics model

Species Origin ~ Component

a @2

Bl 62 63 A4 A2 /13

A AR KR b 5.007x10° 9.224x10'

Natural Aboveground

forest  HLF
Underground

NI ik

Planted Aboveground

forest T
Underground

At RS b

Natural Aboveground

forest ~ HLF
Underground

AL b b

Planted Aboveground

forest ~ HLF
Underground

RO b

Natural Aboveground

forest T
Underground

ANIH # b

Planted Aboveground

forest ~ HLF
Underground

Cinnamomum

camphora 1.349x10* 1.686x10

1.519%10° 4.445x10

5.180x10% 3.209x10'

1.412x10° 4.351x10"
Schima

superba 1.938x10* 3.329x10"

6.030x10° 7.935x10'

2.155%10° 4.495%x10°

WA 2.051x10° 5.690x10"

Ligquidambar
formosana 3.334x10% 4.008x10'

1.391x10° 3.832x10'

1.777x107 4.239x10°

1.296x10* 8.985x10~

8.071x10% 5.545%10°

5.292x10% 1.136x10™

1.726x10° 2.462x10°~

7.807%10% 1.079x10™

2,770 1.205x10° 5.258 0.124

4.051  5.706x10° 4.538 0.168

2.335%x10°  7.419 0.407

11340  4.735x10°  5.241 0.220

8.874x10"  7.096 0.310

1.183x10°  5.792 0.176

2.737  9.198x10°  4.089 0.109

9.478x10" 16.460 0.739

12.460  7.820x10* 5.265 0.189

1) " o B B

1) “=” indicates non-convergence of the model
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Table 3 Evaluation of biomass growth models with tree age as the independent variable

WE kW A% o Pl kg oom B
Species Origin  Component Model adj ME SE PRI PRI
MPE TRE
i) R Mk Schumacher 0.607 17.31 149.49 3.84 -15.39
Cinnamomum Natural ~ Aboveground Chapman-Richards  0.621 3.62 146.97 3.78 —2.87
camphora forest Logistic 0.634 4.82 144.41 3.71 -3.86
T Schumacher 0.625 10.21 49.92 7.71 -28.81

Underground Chapman-Richards - - - - -

Logistic - - - - -
ANTAH kb Schumacher 0.551 3.87 142.91 8.31 -3.42
Planted  Aboveground Chapman-Richards 0.553 1.20 142.50 8.28 -1.04
forest Logistic 0.558 ~1.44 141.71 8.24 121
T Schumacher 0.757 -2.59 52.69 21.88 5.09

Underground Chapman-Richards - - - - -
Logistic 0.814 1.58 46.15 19.16 -3.39
ARt KM Hb b Schumacher 0.582 -0.76 139.71 4.06 0.51
Schima Natural ~ Aboveground Chapman-Richards  0.588 3.63 138.81 4.03 -2.52
superba forest Logistic 0.584 -1.66 139.36 4.05 1.11
T Schumacher 0.449 0.08 33.30 11.42 —-0.28

Underground Chapman-Richards - - - - -
Logistic 0.536 2.75 30.57 10.48 -9.94
ANTAH kb Schumacher 0.603 6.78 104.63 5.00 ~7.42

Planted = Aboveground Chapman-Richards - - - - -
forest Logistic 0.611 -1.18 103.58 4.95 1.19
T Schumacher 0.978 10.03 22.69 5.10 -27.57

Underground Chapman-Richards - - - - -

Logistic - - - - -
W& KIRM L Schumacher 0.809 6.10 78.81 2.23 -5.18
Liquidambar ~Natural ~ Aboveground Chapman-Richards  0.815 -2.02 77.59 2.20 1.61
Jormosana  forest Logistic 0.794 ~7.77 81.92 232 5.90
T Schumacher 0.677 -0.30 27.06 591 0.80

Underground Chapman-Richards - - - - -
Logistic 0.725 3.44 24.95 5.44 -10.03
ANTAH kb Schumacher 0.635 -9.28 152.91 6.82 6.29
Planted  Aboveground Chapman-Richards  0.695 4.64 139.83 6.24 -3.47
forest Logistic 0.706 -1.98 137.28 6.13 1.41
T Schumacher 0.995 5.04 10.69 3.23 -12.01

Underground Chapman-Richards - - - - -

Logistic

1) “= A TBEA Rk

1) “~” indicates non-convergence of the model

FEA TR o A A 1 R AR PRFD N MRS /2 Logistic
T FEEA s ARAar RIRR A Chapman-Richards 77 72 %

i, N Logistic 75 #8 fix i s UEF R SRR
Chapman-Richards 77 #25fit, N T.#H Logistic 77
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FER U . B456SH0RE, Logistic THEN IME N
3 ANWFREA R R YR T ot ARV & s 2.
4k Chapman-Richards /7 F27ERLL 3 ANHFh ) 3
LW T VRIS, Logistic 5 FEAE S 20 o R AEW)
R e R SR, RS A E A K
RS, Shumacher 77 2 (13 FH PEBE 4T
22 UM ARFRATENHEEHEKEE

3 AP A 5 2 o B AR R LA
A ARERBRFRZWE 1 Frax. HE 1 ATLLUE H,
(LN N R N e S /= s s 8 % /b =41
EU A1 ot 25 S A A % 38 T 64 K, T AR B R R I %
A e o LU B A LR AR RS ) 3 DR ek /)N, A AR N T
WG R EE AL A A RARARAN N AR+
A AR R RS A A= ) 8 i o b b AR ) R 1 L A B
5 SLAAE WS R HE T 3G K, A8 (% AR P LR

6 SEAE W B SE AN g/ o BT B 45 SRATRE AR () AH
Lo F AT L, 2% 4 50 A W A ST AR ZE K 1 A B
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ANWTASAC ), - 2H. 53 FT o B A1 I S AR A 5% 48 K T
v (K R 5 DR AR ol S, AT S A T B 25 4
3 AR AR B Hfopis TR 3 o BB 1 1

4 Logistic J7FEAE N AL 77 /2, R A
(5) UG b 25 210 A ) e 2 AR R F) 2 il i
RN 4, FH TREVEIN G R IR 5. WA
ST PRI RRTT DL Y, TR AR B2 ) R ) B 5 AR
ERCRADG FRERR B4 — 28 0 3 MR T4
HEWE T REIIR,TE 0.560~0.768, MPE 7E 3.05%~
6.73%: B B A=) B U7 R B R 1E 0.552~0.866,
MPE £ 2.02%~6.27%; B 15 42 ) 8 J5 R ) RZ AT

adj

0.309~0.706, MPE 7E 3.01%~14.33%; # M- 4877
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Fig.1 Relationship between the proportion of each aboveground component in total aboveground biomass and the age (T)

of three tree species
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Table 4 Parameters of the compatibility growth models for biomass of different aboveground components with tree age as

the independent variable x107
PFh Species #2JR Origin al b1 a2 b2 a3 b3
TR FARH Natural forest 7.26 23.13 55.10 8.17 10.41 —0.68
Cinnamomum camphora )\ T jk Planted forest 6.98 23.89 63.91 7.46 7.44 ~1.39
AR FARH Natural forest 737 24.69 33.30 8.01 7.73 -1.17
Schima superba A\ T#k Planted forest 8.73 26.30 38.57 17.05 9.81 -1.72
WA FARH Natural forest 7.28 24.50 24.66 7.46 5.47 -0.88
Liquidambar formosana )\ T #k Planted forest 3.92 3.54 3.72 75.33 1.01 ~258.50

1) al.bl.a2.b2.a3.b3: ¥EA A%
1)al,bl,a2,b2,a3, b3: Parameters of models
®5 UIAFRABTENM ERASEMERTMEE KERITN
Table 5 Evaluation of the compatibility growth models for biomass of different aboveground components with tree age as
the independent variable

B Tl Rk Hoy R PHImZEKg  trfEiRke SFRITURIRE% SAHEHRE%
Species Origin Component adj ME SE MPE TRE
TR R/ T#4 Stem 0.622 2.44 67.92 3.48 0.04
Cinnamomum Natural wood
camphora forest W B Bark 0.552 1.12 11.80 3.49 0.11
Pz Branch 0.519 1.15 80.51 5.72 0.03
Wi Leaf 0.510 0.11 10.75 5.54 0.02
AN LA T4 Stem 0.768 -2.17 4722 5.74 —0.04
Planted wood
forest B Fz Bark 0.730 0.13 8.27 6.27 0.01
¢ Branch 0.309 0.43 100.61 14.33 0.01
P Leaf 0.571 0.16 451 7.14 0.04
ARt R T4 Stem 0.560 -3.37 93.84 4.70 —0.04
Schima superba  Natural wood
forest P {7 Bark 0.619 -0.06 14.69 423 0.00
B Branch 0.373 1.62 53.52 5.69 0.04
P Leaf 0.495 0.15 6.57 4.16 0.02
NIk T4+ Stem 0.614 0.48 50.07 4.57 0.01
Planted wood
forest B F7 Bark 0.657 0.05 9.70 4.46 0.00
Pz Branch 0.519 —1.54 50.61 7.43 -0.05
Wi Leaf 0.577 -0.16 6.02 6.18 -0.03
W& RIRBR T#f Stem 0.696 -5.63 69.98 3.05 -0.07
Liquidambar Natural wood
formosana forest W 5 Bark 0.866 -0.38 7.84 2.02 -0.03
Pk Branch 0.706 -1.31 22.03 3.01 -0.05
P Leaf 0.544 —0.45 6.33 5.38 -0.10
AT T#4 Stem 0.647 0.04 90.75 6.73 0.00
Planted wood
forest P {7 Bark 0.768 0.20 10.96 5.49 0.02
Bk Branch 0.567 -1.83 64.43 10.65 -0.05

Wi Leaf 0.767 —0.38 5.66 6.48 -0.07
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FRIRIE 0.495~0.767, MPE £ 4.16%~7.14% /[
TR ARA CRARARATN MO M 1% 4170 CF 44 14

F WA AR I A 4 A KRR TR ) AL R B SR D
% 6,

*6 JENEWEE KRBMR KA LS

Table 6 Estimates of weight functions for biomass growth models of different components

K20 5> B PR # Weight function estimate of each component

PRY Species 2R Origin F#+ Stem wood B iz Bark M1 Branch P Leaf
&R Cinnamomum — KIRHK Natural forest — g(T)=1/T " g(D=1/T>**° gD=1T""** gD=1T"""”°
camphora N LAk Planted forest — g(T)=1/T "*'*° g(D=1/T*"* g(T)=1/T*"*° g(D=1/T**"!
ARAf Schima KIRHK Natural forest  g(T)=1/T"**'* g(D=1/T "% g(D=1/T*"? g(D=1/T****
superba N LH Planted forest  g(T)=1/T**" g(D=1/T**** gD=1/T>"*7 g(n=1/7*™°
BT Liquidambar — FARHK Natural forest — g(T)=1/T "3 g(D=1/T"*! e(D=1/T"*"° g(D=1/T*""°
Jormosana N LH Planted forest  g(T)=1/T ' g(N=1/T°*7° g(D=1/T""" g(n=1/T*%"
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AT RAARFN TRIFES T T R4
3T D A i A b A R AR AL (LAAE RSy B A2
&) M b R A E A KA A, Gl T T R
BN 7ML B EMAE KB R
T4 P, A FE Shumacher /5 #2. Chapman-
Richards J7 F£. Logistic /7 #£ & Korf 77 #2150 K
Ve bR, 1520 EAY) S B ABALN Logistic 77
T, T AV E RN Shumacher 7712 . &%
Logistic 77 F£XF 3 AN I &40 2 A W s kA2
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